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Abstract 

Background Chronic inflammation is believed to 
increase the risk of coronary events by making ath¬ 
erosclerotic plaques in coronary vessels prone to 
rupture. We examined blood constituents potentially 
affected by inflammation as predictors of risk in men 
with hypercholesterolemia who were enrolled in the 
West of Scotland Coronary Prevention Study, a trial 
that evaluated the value of pravastatin in the preven¬ 
tion of coronary events. 

Methods A total of 580 men who had had a coro 
nary event (nonfatal myocardial infarction, death from 
coronary heart disease, or a revascularization proce¬ 
dure! were each matched for age and smoking status 
with 2 control subjects (total, 1160) from the same co¬ 
hort who had not had a coronary event. Lipoprotein- 
associated phospholipase A^ C-reactive protein, and 
fibrinogen levels and the white-cell count were meas¬ 
ured at base line, along with other traditional risk fac¬ 
tors. The association of these variables with the risk 
of coronary events was tested in regression models 
and by dividing the range of values according to 
quintiles. 

Results Levels of C-reactive protein, the white-cell 
count, and fibrinogen levels were strong predictors 
of the risk of coronary events; the risk in the highest 
quintile of the study cohort for each variable was ap¬ 
proximately twice that in the lowest quintile. Howev¬ 
er, the association of these variables with risk was 
markedly attenuated when age, systolic blood pres¬ 
sure, and lipoprotein levels were included in multivari¬ 
ate models. Levels of lipoprotein-associated phospho¬ 
lipase Aj (platelet-activating factor acetylhydrolase), 
the expression of which is regulated by mediators of 
inflammation, had a strong, positive association with 
risk that was not confounded by other factors, it was 
associated with almost a doubling of the risk in the 
highest quintile as compared with the lowest quintile. 

Conclusions Inflammatory markers are predictors 
of the risk of coronary events, but their predictive 
ability is attenuated by associations with other coro¬ 
nary risk factors. Elevated levels of lipoprotein-asso¬ 
ciated phospholipase A 2 appear to be a strong risk 
factor for coronary heart disease, a finding that has 
implications for atherogenesis and the assessment 
of risk. (M Engl J Med 2000;343:1148-55.) 

©2000, Massachusetts Medical Society. 


T HE discovery of inflammatory ceils in the 
cap of atherosclerotic plaques led to the pos¬ 
tulate that inflammation has a key role in 
the cascade of events leading to plaque rup¬ 
ture. 1 - 2 Supporting this idea are recent reports that 
levels of plasma markers of inflammation such as 
C-reactive protein are elevated in those at risk for 
coronary heart disease.-’ 5 A 2 phospholipases are a fam¬ 
ily of enzymes that can hydrolyze phospholipids at 
the sn2 position to generate lysophospholipids and 
fatty acids. Several recent reports link type II secre¬ 
tory phospholipase A 2 to atherogenesis and the risk 
of coronary heart disease. 6 8 This enzyme, found in 
the media of normal and diseased arteries, 9 may be 
involved in modifying low-density lipoprotein (LDL) 
that is present in the artery wall. 6 - 10 

We examined the role of a distinct phospholipase, 
lipoprotein-associated phospholipase A 2 , also known 
as platelet-activating factor acetylhydrolase, in a small 
case-control study and found it to be a potential 
predictor of the risk of coronary heart disease. 11 The 
expression of this enzyme is regulated by mediators 
of inflammation. 12 It circulates bound mainly to LDL 
and has a structure and properties distinct from those 
of the 14-kd calcium-dependent type II secretory 
phospholipase A,. 13 We evaluated its association with 
the risk of coronary events in a prospective study 
with a nested case-control design, drawing samples 
from the biologic bank of" the West of Scotland Cor¬ 
onary Pi'evention Study. 14 The enzyme, in theory, 
could promote atherogenesis if the products it re¬ 
leases from LDL phospholipids have a deleterious ef¬ 
fect on the artery wall, 15 or it could be protective if, 
in hydrolyzing platelet-activating factor, it reduces in¬ 
flammation and the thrombotic tendency of blood. 16 

The West of Scotland Coronary Prevention Study 
demonstrated that pravastatin therapy reduced the in¬ 
cidence of coronary events and death from cardiac 
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causes by about one third in men with hypercholes¬ 
terolemia. 1,1 We evaluated the extent to which levels of 
lipoprotein-associated phospholipase A 2 and C-reac- 
tive protein, as measured by a sensitive assay in stored 
base-line samples, and other markers of inflammation 
(such as the white-cell count and fibrinogen levels) 
predicted the risk of a coronary event in this primary 
prevention study. Findings regarding white-cell counts 
and fibrinogen levels have been reported previously. 17 

METHODS 

Study Design and Subjects 

In the West of Scotland Coronary Prevention Study, 6595 men 
who had LDL cholesterol levels between 174 and 232 mg per 
deciliter (4.5 and 6-0 mmol per liter) but who had no history of 
a myocardial infarction were randomly assigned to receive 40 mg 
of pravastatin, or placebo daily. 14 All subjects provided written in¬ 
formed consent. The study was approved by the ethics commit' 
tees of the University of Glasgow and all participating health 
boards. The first patient was enrolled on February' 1, 1989, and 
the study ended on May 15,1995. The incidence of the primary 
end point, a composite of nonfatal myocardial infarction and death 
from coronary heart disease, was 31 percent lower with pravastat¬ 
in treatment. Risk reductions of the same magnitude were seen 
for revascularization procedures (coronary-artery bypass and per¬ 
cutaneous transluminal coronary angioplasty). Since the same un¬ 
derlying atherothrombotie process is believed to give rise to myo¬ 
cardial infarction and the need for revascularization, in the present 
case-control study we used an expanded end point comprising 
the primary end point plus revascularization as a first event to in¬ 
crease the statistical power of the study. A total of 580 men had 
such an event and were included in the current analysis: 503 had 
a myocardial infarction or death from cardiac causes as a first event, 
and 77 underwent revascularization as a first event. We matched 
each patient with 2 controls (also drawn from the original cohort 
of 6595 men), for a total of 1160 controls, on the basis of age 
(using two-year age categories) and smoking status, with subjects 
categorized as either nonsmokers (those who had never smoked 
or who had quit smoking) or current smokers. At randomization, 

6.2 percent of patients with an event and 2.9 percent of controls 
were taking aspirin. 

Measurements 

All maior risk factors were assessed during recruitment. 11 jT ' 

»*i ; *tv. •-. V i *- 

L.T ") 4 in ■ 1 J 

measured twice durin fo owCw«ng, and tile .v c ■ i.e u tfie 
base-line level. 18 At the third screening visit,* 8 hematologic vari¬ 
ables, including the white-cell count, were determined (model 
STKR or S+l, Beckman Coulter, Luton, United Kingdom) and 
fibrinogen was assayed by heat-precipitation ncphelometry. 1? 

,.;■ , ; ".' '• i 

n itfiq’ifc- ><\ *■ tr. •. T l4i 

H ' i.' - ed*at ■ m_ l.’.'c.- —2 enzyme- 

linked immunoassay .., Ji use of a peroxidase-con¬ 

jugated rabbit antihuman C-reactive protein antibody (DK2600, 
Dako, Glostrup, Denmark) and a polyclonal anti-C-reactive pro¬ 
tein capture antibody. The assav was calibrated with a standard 
(CRM470-CAP/IFCC; lot 91/0619, Bchringwerke, Marburg, 
Germany). The lower limit of the working range of the assay was 
0.1 mg per liter. Values obtained in this study ranged from 0.1 to 

45.2 mg per liter. The Lntraassay and interassay coefficients of vari¬ 
ation were 1.9 percent and 6.2 percent, respectively (the assay yield¬ 
ed results similar to those of Ridker et al. a ). 

Lipoprotein-associated phospholipase A 2 mass was measured with 
an enzyme-linked immunoassay according to previously described 
methods. 11 Samples were captured with a monoclonal antibody 


against lipoprotein-associated phospholipase A 2 . The enzyme was 
identified by a second monoclonal antibody labeled with biotin 
and a streptavidin-alkaline phosphatase conjugate. The standard 
was purified lipoprotein-associated phospholipase A 2 . The range 
of detection was 0.5 to 6.0 mg per liter, and the intraassay and 
interassay coefficients of variation were 4.5 percent and 8.3 per¬ 
cent, respectively. There was no cross-reactivjty with other A 2 
phospholipases. The results of the mass assay correlated well with 
levels of enzyme activity (r*=0.S6) when both were measured in 
fresh samples. 11 All analyses were conducted by personnel who 
did not know whether the samples were from the patients widi 
coronary events or the controls. 

Statistical Analysis 

The distributions of C-rcactive protein and plasma triglyceride 
levels were markedly skewed and were therefore log-transformed. 
We established quintile ranges according to the values in the con¬ 
trol subjects, and we obtained risk ratios by comparing the fre¬ 
quency of the end point in patients in quintiles 2 through 5 with 
that in the reference quintile 1. We used multivariate conditional 
logistic-regression models to assess the in dependent prognostic 
value of variables. Each was included as a continuous variable and 
in a separate analysis as a categorical variable (in which quintiles 
were used). We calculated relative risks and 95 percent confidence 
intervals. We assessed associations among variables in the 1160 
control subjects ■with use of Spear man’s rank-correlation coefficient. 

We assessed differences between plasma levels of lipoprotein- 
associated phospholipase A 2 and inflammatory markers in smok¬ 
ers and nonsmokers with use of a two-sample t-test. We examined 
the effect of smoking on the relation of C-reactive protein and 
lipoprotein-associated phospholipase A 2 levels to risk with sepa¬ 
rate conditional logistic-regression models for smokers and non- 
smokers and then in a model that included all 1740 subjects and 
in which these variables were introduced first as main effects; all 
interactions between smoking status and C-reactive protein levels 
and lipoprotein-associated phospholipase A 2 levels were then in¬ 
vestigated. We used a similar approach to evaluate the association 
of these variables with risk among 833 men in the pravastatin 
group and 907 men in the placebo group. 

RESULTS 

The base-line characteristics of the patients and 
controls in the current analysis as well as of the pa¬ 
tients in the original study group are shown in Table 
1. As compared with the entire original study co¬ 
hort, the patients who had a coronary event were 
t older and more likely to be smokers and had higher 
blood pressure and LDL cholesterol levels and lower 
HDL cholesterol levels. A history of diabetes, hyper¬ 
tension, angina, and nitrate use were all predictors 
of coronary events in the trial itself, 20 and the pro¬ 
portions of subjects with these characteristics dif¬ 
fered between patients and controls in the current 
study (Table 1). Base-line levels of C-reactive pro¬ 
tein, lipoprotein-associated phospholipase A 2 , and fi¬ 
brinogen and the white cell count, all of which are 
potentially perturbed in a state of chronic inflamma¬ 
tion, were evaluated as predictors of the risk of cor¬ 
onary events (Table 2). In univariate analyses, increas¬ 
ing levels of all four variables were associated with a 
significantly greater risk of the composite end point 
of nonfatal myocardial infarction, death from cardiac 
causes, or revascularization as a first event; a change 
of 1 SD (the standard deviations are given in Table 
I) generated an increase in risk of 19 to 27 percent. 
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Table 1 . Base-Line Characteristics of the Subject's.* 


Characteristic 

Patients 

(N=580> 

Controls 

IN=*11601 

Original stud v 
Cohort 
(N= 6535n 

Age (yr) 

S6.8±5.2 

56.8±5.2 

55.2+5.5 

Body-mass index 

26.1+3.31 

25.7±3.2 

26. 0±3.2 

Systolic blood pressure 

140±17§ 

135+17 

136+17 

(mm Hg) 

Diastotic Wood pressure 

S6±10§ 

84±10 

84+10 

(mm Hg) 

Plasma cholesterol (mg/dl) 

274±23 

272 ±22 

2722:23 

Plasma triglycerides (mg/dl) 

173+74J 

163+6S 

163+69 

LDL cholesterol (mg/dl) 

194±17} 

192+17 

192 + 17 

HDLcholestrrol (mg/dl) 

41+9§ 

44+10 

44+10 

Fibrinogen (g/liter) 

4.51±0.90§ 

4.36+0.86 

— 

Whitc-celi count 

7,07±1.96§ 

6.75+1.86 

— 

(xlO-ymm 3 ) 

C-reactive protein 

2.36+2.81$ 

1.88±2 .92 

— 

(mg/liter) 

Lipoprotein-associated phas 

2.37±0.52§ 

2.27±0.57 

— 

pholipase A 2 (mg/litcr) 

Smoker (%) 

54.3 

54.5 

44.1 

Diabetes (%) 

2.3 

1.2 

1.2 

Hypertension (%) 

236$ 

15 9 

15.7 

Angina* (%)^[ 

13.8§ 

5.1 

5.1 

Nitrate use (%) 

7.6® 

2.6 

2.1 


"Plus-minus values are means ±SD; for C-reactive protein, the values 
are geometric means ±$D calculated from the log-transformed distribu¬ 
tion. Patients and controls were matched for age (in two-year age groups) 
and smoking status. Body-mass index was calculated as the weight in kilo* 
grams divided by the square of the height in meters, lo convert value? for 
cholesterol to millimoles per Viter, multiply by 0.02586; to convert values 

for triglycerides to millimoles per liter, multiply by 0.01129. LDL denotes 
low-density lipoprotein, and HDL high-density lipoprotein. The two-sam- 
plc t-test was used for continuous variables, and the chi-square test was 
used for categorical variables. 

JThe characteristics of the entire cohort of the West of Scotland Coto¬ 
nary Prevention Study arc given for c omparis on. 1 * ,a A formal analysis of 
the ability of these variables (not including the fibrinogen level, white-cell 
count, C-reactivc protein level, or lipoprotein-associated phospholipase A* 
level) to predict the risk of coronary heart disease has been published else¬ 
where. 10 

fP<0 01 for the comparison with controls. 

§P<0.001 for the comparison with controls. 

IThe Rose questionnaire was used to determine whether a subject had 
angina. 


A similar association was present when each compo¬ 
nent of the composite end point was analyzed sepa¬ 
rately (Table 2). 

C-reactive protein levels correlated significantly with 
both the white-cell count and fibrinogen levels, and 
the latter two variables also showed a strong positive 
interdependence (Table 3). Other risk factors showed 
significant associations with C-reactive protein, in¬ 
cluding age, systolic blood pressure, plasma triglyc¬ 
erides, LDL cholesterol, and HDL cholesterol. Like¬ 
wise, the white-cell count was associated positively 
with plasma triglycerides and negatively with HDL 
cholesterol. C-reactive protein levels, white-cell counts, 


and fibrinogen levels were significandy higher in smok¬ 
ers than in nonsmokers in the control group (Table 4). 
Lipoprotein-associated phospholipase A, exhibited a 
weak positive association with fibrinogen but little 
relation to C-reactive protein or the white-cell count. 

It also exhibited a positive relation with LDL choles¬ 
terol but little association with other risk factors (Ta¬ 
ble 3). Furthermore, it was not affected by smoking 
status (Table 4). 

The independence of these variables as predictors 
of coronary events was assessed, as shown in Table 5 
and Figure 1. When the white-cell counts and die 
C-reactive protein and lipoprotein associated phos¬ 
pholipase A 2 levels in the patients were divided into 
quintiles, die risk for the highest quintile of each 
variable was approximately twice the risk for the low¬ 
est quintile (Fig. 1). Adjustment for the presence of 
other inflammatory markers markedly attenuated the 
risk associated with the fibrinogen level (Table 5) 
but had a less dramatic effect on risk associated with 
the C-reactive protein level and the white-cell count 
(Table 5 and Fig. 1); these two variables remained 
significant predictors of risk in this model. The lipo¬ 
protein-associated phospholipase A 2 level remained 
significant in a model that included inflammatory 
markers, whether it was entered as a continuous var¬ 
iable (Table 5) or a categorical variable (Fig. 1). 

After adjustment for age, systolic blood pressure, 
and lipoprotein levels, the white-cell count was no 
longer associated with a significant risk except in the 
highest quintile (more than 8100 per cubic millime¬ 
ter) (Fig. 1). A similar effect was seen with C-reac¬ 
tive protein: there was a trend toward increased risk 
with increasing levels of the protein when these oth¬ 
er factors were included in the model, but again, the 
risk ratio was significantly increased only in the high¬ 
est quintile (more than 4.59 mg per liter). Further¬ 
more, when both traditional risk factors and other 
inflammatory markers were adjusted for, the risk ra¬ 
tio for tire highest quintile of C-reactive protein was 
1.49 (95 percent confidence interval, 0.95 to 2.33). 
C-reactive protein levels, the white-cell count, and fi¬ 
brinogen levels were not significantly associated with 
risk when they were included as continuous variables 
in a model that also included age, systolic blood pres¬ 
sure, lipoprotein levels, and inflammatory markers (Ta¬ 
ble 5). For C-reactive protein the main confounding 
factor was the white-cell count (Table 5). In con¬ 
trast, the association of lipoprotein-associated phos¬ 
pholipase A, with risk remained significant when oth¬ 
er factors were included (Fig. 1 and Table 5). 
rln separate univariate-modelsrtRefelative fiskrahd~ 7 . 
9S J percent_confidence intervals were estimated for ~j 
smokers as compared with nonsrnokers.and far_pa .—> 
tients in the pravastatin'group as compared-with-pa- 
tients i n the placebo g roup. An increase of 1 SD in j 
tbe-lipopfotein-associatecTphbspholipase-Aj-level-was- 
( associa ted -witti a rclativc-nsk_of 1.32 ( 95 perc ent ! 
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Table 2. Univariate Analysis oh nit Association between Inflammatory Markers 
and thf. Risk of a Coronary Event.* 


Myocardial 
Infarction or Death 



Myocardial 


from Cardiac Causes 



Infarction on Death 

Revascularization 

or Revascularization 



from Cardiac Causes 

as a First Event 

as a First Event 


Variable 

(N=503) 

IN*=77> 

(N=58G) 

P ValueT 


relative risk 

: (95 percent confidence interval) 


Age 

2.88 (1.03-6.47) 

6.41 (0.77-53.5) 

2.91 (3.21-6.98) 

0.02 

Systolic blood pressure 

1.32 (1.19-1.47) 

1.22 (0.97-1.54) 

1.30 (1.18-1.44) 

<0.001 

Plasma triglycerides 

1.13 (1.02-L25) 

1.34 (1.09-1.66) 

1.16 (1.05-1.27) 

0.003 

LDL cholesterol 

1.14(1.03-1.26) 

1,43 (1.16-1.78) 

1.18(1,07-1.30) 

<0.001 

HDL cholesterol 

0.77 (0.68-0.86) 

0.50 (0.37-0.68) 

0.73 (0.66-0.82) 

<0.001 

Fibrinogen 

1.17 (1.06-1.36) 

1.28 (1.01-1.61) 

1.19(1.07-1.31) 

0.001 

White-cell count 

1.22 (1.09-1.37) 

1.23 (0.96-1.57) 

1.22 (1.10-1.36) 

<0.001 

(’-reactive protein 

1.28 (1.14-1.43) 

1.21 (0.94-1.55) 

1.27(1,14-1.42) 

<0.001 

LipOprOtein-assuciated 

1.20 (1.08-1.35) 

1.17 (0.92-1.50) 

1.20 (1.08-1.34) 

<0.001 


phospholipase A i 


"The relative risk is the risk associated with an increase of 1 SO in the variable (the standard de¬ 
viations are given in Table I). Revascularization consisted of coronary-artery bypass or percutaneous 
transluminal coronary angioplasty as a first event. LDL denotes low-density lipoprotein, and HDL 
high-density lipoprotein. 

fThe P value refers to the relative risk of the composite end point of myocardial infarction or death 
from cardiac causes or revascularization as a first event. 


Table 3. Associations between Inhammatory Markers and Coronary 
Risk Factors jn Control Subjects. 



C-Reactive 

Lipoprotein- 

Associated 

White-Cell 


Variable* 

Protein 

Phospholipase A, 

Count 

Fibrinogen 



Spearman rank-correlation coefficient 


Age 

0.085-f 

0013 

0.042 

0.12* 

Body-mass index 

0,13} 

-0.034 

-0.039 

0.010 

Systolic blood pressure 

0.12* 

'0.008 

0.020 

0.022 

Plasma cholesterol 

0.088* 

0.17| 

0.033 

0.015 

Plasma triglycerides 

0.19* 

-0.048 

0.17$ 

0.039 

LDL cholesterol 

0.11} 

0.21} 

0.063 

0.096} 

HDL cholesterol 

-0.20} 

0.044 

-0.21$ 

-0.18$ 

Fibrinogen 

0.49* 

0.0861 

0.31$ 

- 

C-reacrivc protein 

— 

0.019 

0.41} 

049} 

Lipoprotein-associated phos¬ 
pholipase Aj 

0.019 

— 

0.023 

0.086} 

White-cell count 

0.41} 

0.023 

— 

0.31} 


'LDL denotes low-density lipoprotein, and HDL high-density lipoprotein. 
tP<0.01. 

JPCO.OOI. 


iuniidohee'iniv.rval, 1.00 to 1.70 
ers 3 i)il'aTjiflatiVc nsk<>f 1-44 (95 Si5ili4^K'C : 

iS-irer-val,. |. 11 u> 1 S'7 ) among smokers. I4sr iioivsiiiiSt 
ers the relative risk associated with »i of 

fcSi> ja hliccC -reactive protein .level wsjs. L J V j9?> per- 
«pcawvon#5donc , ciivwfvcti. i .03 to 1.38and'Shr»sip«>k- 


I '0.^95 percent confidence interval. I 13 
4§LJ r .iMu ! .i;,'u-rn^sincl«ite<l 

-- all 17;I0 in die study 

..avalit ■ i j _ 1 o.ticant. 

Patients who were receiving pravastatin were, of 
course, at lower overall risk than those receiving pla- 


Volume 343 Number 16 

Downloaded from www.nejm.org at PHILIP MORRIS USA on June 05, 2003. 

For personal or educational use only. No other uses without permission. All rights reserved. 


1151 


Source: https://www.industrydocuments.ucsf.edu/docs/yjvj0001 



The New England Journal of Medicine 


^ 


Table 4. Effect of Smoking Status on Inflammatory Markers 
in Control Subjects.* 


Smoking Status 


LlPOPftOTEfN- 

No, of C-Reastwe ASSOWftTlP 
Subjects Protein Phospholipase A, 




rtig/Jiter 


Wnrre-Ceu 

Count 


xiO-Vmm a 


Fibrinogen 

Suiter 


Former smoker or nonsmoker 513 1.49i2.86 2.23±0.53 5.87±1.33 4.20±0.83 

Current smoker 614 2.28±2.8&t 2.29±0.S9 7.4S^=1.91f 4.49±0.86t 


*PIus-rmnus values are means iSD; for C-rcactivc protein, the values are geometric means ±SD 
calculated from the log-transformed distribution. 
tP<0.001 by the two-sample t-test. 


Table 5. Multivariate Assessment or the Effect 
of Inflammatory Maskers on the Risk 
oh A Coronary Event.* 


Relative Risk 


Variable 

195% Cl|t 

p Value 

Model 1 



Fibrinogen 

1.04 (0.92-1.17) 

0.53 

White-cell count 

1.15 (1.02-1.31) 

0.03 

C-reactive protein 

1.21 (1.06-1.39) 

0.004 

Lipoprotein-as seriated 

1.19 (1.07-1.33) 

0.002 

phospholipase A 2 



Model 2 



Age 

4.92 (1.88-12.9) 

0.001 

Systolic blood pressure^ 

1.31 (1.17-1.47) 

<0.001 

Plasma triglycerides 

1.04 (0.93-1.16) 

0.54 

LDL cholesterol 

1.09 (0.98-1.22) 

0.11 

HDL cholesterol 

0.75 (0.65-0.86) 

<0.001 

Fibrinogen 

1.02 (0.90-U5) 

0.79 

Wliite-cell count 

1.10 (0.97-1.25) 

0.14 

C-reactive protein 

1.13 (0.93-1.29) 

0.09 

Lipoprotein - associated 

1.18 (1.05-1.33) 

0.005 

phospholipase A 2 



Variants of model 2 



C-reactive protein (white-cell count 

1.16 (1.01-1.32) 

0.04 

omitted) 



C-reactivp protein (fibrinogen omitted) 

1.12 (0.99-1.27) 

0.07 

C-reactive protein (fibrinogen and 

1.15 (1.03-1.29) 

0.02 

white-cell count omitted) 




* Model 1 included the factors shown and tested the independence of the 
factors relative to each of the other variables in prediering the risk of cor¬ 
onary heart disease. Model 2 included the variables in model 1 as welt as the 
traditional risk factors shown. In the three variants of model 2, the associ¬ 
ation of C-reactive protein with the risk of a eoronarv event was assessed 
after the removal of fibrinogen, the white-cell count, or both. Cl denotes 
confidence interval, LDL low-density lipoprotein, and HDJL high-density 
lipoprotein. 

TThe relative risk is the risk of the composite end point of nonfixtal my¬ 
ocardial infarction, death from cardiac causes, or revascularization as a first 
event associated with an increase of h,SD ; in the variable (the standard de¬ 
viations are given in Table 1). 


cebo. 14 Within the pravastatin and placebo groups, 
an increase of 1 SD in the C-reactive protein level 
was associated with a relative risk of 1.39 (95 per¬ 
cent confidence interval, 1.17 to 1.65) and 1.17 (95 
percent confidence interval, 1.01 to 1.35), respec¬ 
tively. Similarly, an increase of 1 SD in the lipopro¬ 
tein-associated phospholipase A 2 level was associated 
with a relative risk of 1.67 (95 percent confidence 
interval, 1,24 to 2.25) in the pravastatin group and 
of 1.17 (95 percent confidence interval, 0.90 to 1.51) 
in the placebo group. Again, interaction terms in a 
regression model that included all 1740 subjects were 
not significant. 

DISCUSSION 

We confirmed that recognized indicators of a pro- 
inflammatory state — the C-reactive protein level, the 
white-cell count, and the fibrinogen level — were pre¬ 
dictors of the risk of a coronary event in a popula¬ 
tion of middle-aged men with hypercholesterolemia. 
However, our principal finding was that the level of 
lipoprotein-associated phospholipase A, (platelet-acti¬ 
vating factor acetylhydrolase), an enzyme that is also 
regulated by mediators of inflammation, 12 had a strong 
positive association with the risk of coronary heart 
disease. 

When we compared the subjects in the highest 
quintile for C-reactive protein, white-cell count, and 
fibrinogen with those in the lowest quintile, the risk 
was approximately doubled — a finding that is in 
line with the results of a recent meta-analysis. 21 As 
others have found in recent studies, 22 24 we found 
that these markers of inflammation correlated with 
one another and were also related to the body-mass 
index, systolic blood pressure, plasma triglyceride lev¬ 
els, and HDL cholesterol levels. In our large, pro¬ 
spective study, the association of C-reactive protein 
levels, possibly the most sensitive of the inflammato¬ 
ry markers, was substantially attenuated in multivari¬ 
ate analyses that included these covariates and was 
no longer significant when the white-cell count was 
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Figure 1. Associations of the C-Reactive Protein Level, Lipoprotein-Associated Phospholipase A, Level, and the White-Cel) Count 
with the Risk of a Coronary Event. 

Levels of C-reactive protein and lipoprotein-associated phospholipase A. and the white-cell count at base line In the patients were 
divided according to the quintile values in the control subjects. In each case, the group of patients with the lowest value serves as 
the reference group (relative risk, 1.0). The circles indicate unadjusted relative risks. The squares indicate relative risks adjusted for 
lipoprotein-associated phospholipase A, levels, the white-cell count, and fibrinogen levels in the case of C-reactive protein; for C-naac- 
tive protein levels, the white-cell count, and fibrinogen levels in the case of lipoprotein-associated phospholipase A,; and for C -reactive 
protein levels, lipoprotein-associated phospholipase A, levels, and fibrinogen levels in the case of the white-cell count. The diamonds 
indicate risk ratios adjusted for age, systolic blood pressure, plasma triglyceride levels, low-density lipoprotein cholesterol levels, 
and high-density lipoprotein cholesterol levels. Vertical bars denote 95 percent confidence intervals. 


included in the model. Our findings indicate that an 
assessment of inflammatory status is important in risk 
stratification and that measurement of C-reactive pro¬ 
tein is helpful in this regard, as exemplified by the 
findings of Ridker et al. 3 The statistical independ¬ 
ence of the association of the C-reactive protein level 
appears to depend on which of the other markers of 
inflammation are included in the models. Our co¬ 
hort was not a random sample of the population, 
and C-reactive protein may retain its independent as¬ 
sociation with risk in other populations. 

Why a marker of inflammation such as C-reactive 
protein should show such strong associations with 
other risk factors, as noted earlier 22 - 2 * and confirmed 
in our study, has until recently been unclear. This liv¬ 
er-derived protein is regulated by interleukin-6, which 
is produced by inflammatory cells. 24 Thus, elevated 
C-reactive protein levels may simply reflect the pres¬ 
ence of atherosclerotic disease and potentially unstable 
plaque. However, as pointed out by Ridker et al., 3 high 
levels of C-reactive protein can predate a coronary 
event by many years. 

Clues as to the mechanism underlying the associ¬ 
ation of C-reactive protein with classic risk factors, 


such as hypertension, elevated plasma lipid levels, and 
insulin resistance, 23 - 24 come from the work of Yudkin 
et al. 25 and Mohamed-Ali et al., 26 who found that sub¬ 
cutaneous adipose tissue was a further source of in¬ 
terleukin-6 and that plasma levels of C-reactive pro¬ 
tein, interleukin 6, and tumor necrosis factor a were 
all related to measures of obesity. 25 Therefore, in ad¬ 
dition to marking the presence of a proinflammarory 
condition, high levels of C-reactive protein (and of 
fibrinogen, since it too has an interleukin-6-respon- 
sive promoter 24 ) may to some extent fc" am+ter 
facet of the insulin-resistant, obese state «fv •£, ■ ■ nay 

Hi • j -y. o'- ,. .fjl Secretbrv. ph.t jt * a I • 

ivfiuh it*..* ! ■ >pl-).MOS ll.> cytokine Sti 111 LtlllL M »l 1 . file 

pjai.isu'1' • 1 t] jieii/icme, unlike .dial oi lipopro- 
■win,-rfsse : .pho'spfiHkpasc -sV,, exhibits a strong .as- 
, S5S‘B»$ej+iv'WHh C-Vcactive protein levels (r —0-53, P< 
b.OUfU 'ft has recently been suggested that C-reactivc 
protein may not be an entirely passive marker of the 
atherogenic process. Reports have appeared indicat¬ 
ing that the protein can bind to damaged LDL and 
trigger the activation of complement. 24 27 

The importance of our finding regarding lipopro¬ 
tein-associated phospholipase A 2 is threefold. First, it 
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clarifies the clinical significance of this enzyme in 
atherosclerosis. Platelet-activating factor has potent 
biologic effects, including the activation of platelets 
and monocytes and macrophages 25 ; thus, the hy¬ 
drolysis of this phospholipid by lipoprotein-associat¬ 
ed phospholipase A 2 may be expected to lead to a 
decreased risk of disease. rOurobservation that the 
level ol-lip<jprotciH:associated“-pho.spholipasc_Aj;was^ 
strongly related to the risk of a coronary' event indi-=: 
: cates that otheractions = of the enzyme are more per-—-' 
rtirrenr to the atherosclerotic ^process. In this feglrd7~ 
it has been shown that lipoprotein-associated phos¬ 
pholipase A 2 on LDL is solely responsible for the hy¬ 
drolysis of oxidized phospholipids in the particle. 
Blocking the enzyme does not alter the rate of LDL 
oxidation, but it does inhibit the release of products 
with biologic activity, such as factors that promote 
the chemotaxis of monocytes. 15 On the basis of our 
findings and previous findings, 15 ' 23 we propose that, 
owing to its properties and location on the LDL par¬ 
ticle, lipoprotein-associated phospholipase A, is placed 
to act as a key agent in the release of products of 
LDL oxidation into the artery wall. 

Second, lipoprotein-associated phospholipase A 2 ap¬ 
pears to-be a novel risk factor that is statistically in¬ 
dependent of markers of inflammation or classic risk 
factors. If our findings are confirmed in other pop¬ 
ulations, then measurement of lipoprotein-associat¬ 
ed phospholipase A, mass will be a valuable addition 
to risk assessment in the future. 

Third, inhibition of the activity of the enzyme has 
demonstrable biologic effects, 15 at least in vitro. Now 
that its association with the risk of coronary events 
is clear, it can become a new therapeutic target that 
is separate from current lipid-lowering or antiinflam¬ 
matory approaches. In this context, it is noteworthy 
that die increase in risk with increasing lipoprotein- 
associated phospholipase A, levels was as strong in 
the men who received pravastatin in this study as in 
those who received placebo. 

In conclusion, indicators of chronic inflammation 
were strongly associated with the risk of coronary 
heart disease in this nested case-control study and 
may be useful in risk stratification. C-reactive protein, 
fibrinogen, and the white-cell count arc interrelated 
markers whose levels are influenced not only by chron¬ 
ic inflammation but also potentially by the presence 
of obesity arid the insulin-resistance syndrome (as ev¬ 
idenced by increased blood pressure and plasma tri¬ 
glyceride levels and decreased HDL cholesterol levels 
in our patients). Lipoprotein-associated phospholip¬ 
ase A 2 is a potential risk factor that may have a direct 
role in atherogenesis. 
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